Malnutrition, inflammation, and atherosclerosis are significant problems in patients on hemodialysis. A prospective, observational study in 100 hemodialysis patients for 2 years was conducted. The primary outcomes were hospitalizations and mortality at the end of 2 years. The mean age was 61 ± 11.3 years and 69% were male. Seven patients did not complete the study (five underwent transplant and two were shifted to other units). Serum albumin was significantly lower in malnourished patients at 6 months from the beginning of the study period (3.58 vs. 3.79 g/dl, P = 0.001). Malnutrition based on subjective global assessment (SGA) was seen in 30 (32%) patients: mild to moderate in 27 (29%) and severe in 3 (3%). Inflammation was seen in 73 (78.5%) patients and intimal-medial thickness of >1.1 mm indicating significant atherosclerosis was seen in 73 (78.5%) patients. Modified SGA score and malnutrition-inflammation score (MIS) were significantly more in the malnourished group. Statistically significant association was seen between hospitalization and mortality in the malnourished population, and the odds ratio of death in malnourished patients was 9.83 (95% confidence interval: 2.8-34.3, P < 0.001). There was a moderate correlation between malnutrition assessed by modified SGA and MIS score (r = 0.54, P < 0.001). Mortality rate was 37% in patients with mild to moderate and 67% in severe malnutrition. Hospital admission was seen in 43 (46%) patients and was significantly more common in malnourished compared to well-nourished patients (77% vs. 32%, P < 0.001). Multiple logistic regression analysis showed that malnutrition by Modified SGA was the only significant variable associated with mortality at 2 years, and addition of MIS score did not improve the predictive ability of the model to modified SGA. We recommend the use of modified SGA and serial serum albumin to monitor nutrition in hemodialysis patients.
Introduction
In India, an estimated 100-220 per million populations reach chronic kidney disease (CKD) Stage V due to explosion in the incidence of diabetes and hypertension. [1] It is estimated that approximately only 10% of end stage renal disease patients in India receive some form of renal replacement therapy (RRT), mainly due to socioeconomic constraints, and hemodialysis (HD) is the predominant mode of RRT in India. [2, 3] Cardiovascular disease (CVD) is the most common cause of death accounting for more than 50% of all deaths, followed by infection, accounting for approximately 15% in western series. [4] The adjusted rate of all-cause mortality is 6.3-8.2 times greater for dialysis patients than the general population. [5] The early mortality is reported to be as high as 60%, due to late referral and septic complications. [6] In a study conducted at a tertiary care institute in India, Chandrasekhar et al. studied 96 patients and reported mortality in only 19.8% over 24 months, and sepsis was the most common cause of death in them. [7] Several risk factors including modifiable and nonmodifiable have been identified for the high incidence mortality in HD patients, which include advanced age, hypertension, CVD, diabetes mellitus, abnormal lipid metabolism, anemia, hyperhomocysteinemia, abnormal calcium and phosphate metabolism, and malnutrition. Among them, malnutrition is the most important factor associated with increased mortality in dialysis population. [8] Whether malnutrition directly causes mortality or is a result of diseases which cause mortality remains a matter of debate. There is a significant association between inflammatory state, atherosclerotic CVD, and malnutrition, which has been described as malnutrition, inflammation, and atherosclerosis (MIA) syndrome. The presence of MIA syndrome is strongly associated with mortality in pre-dialysis CKD and dialysis populations. [9] Nutritional assessment is done by several methods. Subjective global assessment (SGA), anthropometry, and serum albumin are the most common methods used in clinical studies to define protein-energy malnutrition in HD population. SGA has much strength in the clinical and research setting: it is inexpensive, rapid to conduct, and can be used effectively by providers from different disciplines, such as nursing, dieticians, and physicians. Several studies have shown that SGA is reproducible, valid, and reliable method and is recommended by the National Kidney Foundation Kidney Disease/Dialysis Outcomes and Quality Initiative for nutritional assessment in the adult dialysis population. [10] Recently, Kalantar-Zadeh et al. introduced malnutrition-inflammation score (MIS), a quantitative tool that includes seven original SGA components and three additional factors, namely, body mass index (BMI), serum concentrations of albumin, and serum total iron-binding capacity (TIBC). [11] There are no data available in literature that establishes a correlation between MIA with mortality or hospital admissions in Indian dialysis population.
We conducted a prospective, observational study to investigate the association of MIA and their impact on the outcome in HD population.
Subjects and Methods
One-hundred patients undergoing hemodialysis at our center were studied prospectively for 2 years. During the study period, two patients were transferred to another dialysis unit and five underwent deceased donor renal transplantation and these seven patients were excluded from the analysis. We excluded the following patients from the study: age <18 years, on hemodialysis for <3 months, patients with malignancy, severe infection within 3 months, patients who were switched from peritoneal dialysis, patients who had failed renal transplantation within 6 months, patients on immunosuppressive drugs, and patients on temporary hemodialysis catheters.
We collected baseline clinical data such as dry weight changes, dietary intake, gastrointestinal symptoms, functional capacity, comorbidity, viral infections such as hepatitis B and C and human immunodeficiency virus, vintage of dialysis, and hours of dialysis per week. All peripheral pulses, radiofemoral delay, and presence of carotid bruit were noted. BMI in kg/m 2 and signs of muscle wasting were recorded. We were able to obtain the online clearance monitoring for all the patients. High-sensitivity C-reactive protein (hsCRP), serum albumin, and TIBC were done at baseline. Serum albumin was again checked after 6 months. Nutritional assessment was done using SGA. [12] Modified SGA score (dialysis malnutrition score) [13] and MIS [11] were computed. The major comorbid conditions such as congestive heart failure Class III or IV, severe coronary artery disease, moderate to severe chronic obstructive pulmonary disease, and major neurological sequelae were recorded. Normal value of serum albumin was taken as 4-6 g/dl. Normal range of TIBC was 250-370 mcg/dl. The hsCRP level of >3 mg/L was considered as a high risk for CVD. [14] Carotid artery intimal-medial thickness (CAIMT) was measured using a 3-5 MHz probe (Nanomaxx™ Ultrasound System, SonoSite Inc., USA) by a single trained person. Intimal-medial thickness was measured on both sides at three points: at the carotid bulb, proximal common carotid artery, and proximal portion of internal carotid artery. The average of the three readings on both sides was taken as the intimal-medial thickness. One in every ten readings was verified by a senior consultant radiologist to confirm the accuracy of measurement of CAIMT by the author. A CAIMT of >1.1 mm was considered as increased. [15] Definitions Atherosclerosis was defined as the presence of one or both of the following criteria: history of CVD (cerebrovascular accident, coronary artery disease, or peripheral arterial disease) documented by interview and chart review and clinical evidence presented on physical examination, carotid ultrasound demonstrating a plaque in the carotid artery.
IHD was defined as the presence of appropriate history with demonstration of regional wall motion abnormality by two-dimensional echo or provocable ischemia by stress myocardial perfusion study.
Peripheral vascular disease was defined as the presence of any of the followings: history of lower limb claudication, demonstration of unequal pulses on both sides, or lower limb arterial Doppler showing atheromatous plaques on both sides.
Cerebrovascular accident was defined as the presence of any of the followings: history of slurring of speech, unsteadiness of gait, weakness of one side of the body, and previous imaging studies showing infarct or hemorrhages in the brain.
Hospitalization was defined as any hospital admission that included at least one overnight stay in the hospital. Hospital admission for a variety of disorders such as cardiovascular complications or infectious was included. Admission due to cardiovascular causes included accelerated hypertension due to volume overload or LV dysfunction, acute coronary syndrome, heart failure, and arrhythmias.
The primary outcome of the study was death, and the secondary outcome was composite of death and hospitalization.
Statistical methods
Data are presented as mean ± standard deviation. A comparison between the two groups was performed using Student's t-test (two-tailed) for normally distributed variables whereas the Mann-Whitney U-test was used for non-normal distributed variables. Chi-square or Fisher's exact test was used for the categorical data. The Pearson's correlation coefficient(r) was used to determine the correlation between continuous variables. Multivariate logistic regression analysis was performed for the outcome of death. P < 0.05 was considered statistically significant. Kaplan-Meir curves were performed for survival analysis, and Log-rank test was used to compare survival between groups. Statistical analysis was performed using Statistical Package for Social Sciences (SPSS) (SPSS Inc. 
Results
The mean age was 61 ± 11.3 years and 69% were male. The demographic and laboratory characteristics are shown in Table 1 . There was no significant difference in hsCRP, CAIMT, and serum albumin at baseline between well-nourished and malnourished patients. However, serum albumin was significantly lower in malnourished patients at 6 months from the beginning of the study period (3.58 vs. 3.79 g/dl, P = 0.001). Malnutrition based on SGA was seen in 30 (32%) patients: mild to moderate in 27 (29%) and severe in 3 (3%). Inflammation was seen in 73 (78.5%) patients and CAIMT of >1.1 mm indicating significant atherosclerosis was seen in 73 (78.5%) patients. Modified SGA score and MIS were significantly more in the malnourished group. There was statistically significant association between hospitalization and mortality in the malnourished population, and the odds ratio (OR) of death in malnourished patients was 9.83 (95% confidence interval [CI]: 2.8-34.3, P < 0.001). There was a moderate correlation between malnutrition assessed by SGA and MIS score (r = 0.54, P < 0.001). The correlation between mortality and malnutrition assessed by SGA was moderate (r = 0.42, P < 0.001) whereas that between mortality and MIS score was not significant (r = 0.11, P = 0.3).
The primary and secondary outcomes in malnourished and well-nourished patients on HD are shown in Table 2 . The mortality rate was 37% in patients with mild to moderate and 67% in severe malnutrition. The causes of mortality were CVD in 10 (10.7%) and infection in 6 (6.5%) patients. Hospital admission was seen in 43 (46%) patients and was significantly more common in malnourished compared to well-nourished patients (77% vs. 32%, P < 0.001). The reasons for hospital admissions were CVD (53%), infections (19%), surgical procedures (9%), and other causes (13%). Table 3 shows the results of multivariate logistic regression analysis to identify the variables independently associated with mortality. Malnutrition was the only significant variable associated with mortality at 2 years, and addition of MIS score did not improve the predictive ability of the model. Figure 1 shows the Kaplan-Meir survival analysis for patients with and without malnutrition.
The incidence of MIA and their individual as well as combined impact on mortality is shown in Figure 2 . All three components of MIA syndrome were seen in 20 (21.5%) patients, and mortality was significantly increased in this population (45% vs. 10%, P = 0.001). The OR of death in patients who had all components of MIA syndrome was 7.7 (95% CI: 2.4-25, P < 0.05). The Figure 3 shows Kaplan-Meir survival curves for patients with ≤1, 2 and 3 components of MIA syndrome. The mortality was 6.5%, 6.0%, and 38.7% for first (mean hsCRP: 6.2 ± 8.3 mg/L), second (hsCRP: 11 ± 6.7 mg/L), and third (hsCRP: 23.5 ± 13.7 mg/L) tertiles of hsCRP, respectively. The mortality rate was significantly higher in the third tertile compared to the first and second tertile of serum hsCRP (P = 0.005). The mortality was 6.5%, 19.4%, and 25.8% for first (CAIMT: 1.05 ± 0.15 mm), second (1.4 ± 0.07 mm), and third (1.72 ± 0.18 mm) tertiles of CAIMT, respectively, and the difference between the tertiles was not significant statistically.
Discussion
We analyzed the impact of three interrelated components of MIA syndrome, namely, MIA, each in isolation and in combination, on the outcome of HD patients over 2 years period in a prospective study.
Malnutrition in HD patients is common, and the prevalence varies widely between 20% and 60%. [16] We assessed nutrition by the modified SGA, a validated method in HD patients [13] and found prevalence of malnutrition in 32% (mild to moderate in 29% and severe in 3%). The moderate prevalence of malnutrition in our study population is similar to the recent reports from developed countries. Todd et al. reported 35% and 25% prevalence in Aboriginal and non-Aboriginal Australian HD patients, who had acceptable parameters of dialysis adequacy, respectively. [17] Mazairac et al. in a multicenter study from the Netherlands reported malnutrition prevalence of 23% in large cohort of 560 patients. [18] In contrast, several investigators have reported a very high prevalence of malnutrition in HD patients from India. Janardhan et al. reported malnutrition in 91% and Tapiwala et al. in 58% in small cohorts of 66 and 28 HD patients, respectively. [19, 20] This difference is probably due to several factors such as adequate dialysis delivery since inadequate dialysis is highly prevalent across India. Our patients were on regular clinical and biochemical assessment to measure nutrition and were counseled by dietician regarding diet, which is often not the case in many Indian HD centers.
Systemic inflammation is common in HD patients and is assessed by measurement of serum CRP or hsCRP level, which is released from hepatocytes in response to inflammation. [21] A single measure of elevated serum CRP is a strong predictor of mortality and higher levels are associated with worse outcomes. [22] High-sensitivity CRP testing has been shown to add to the predictive value of total cholesterol, low-density lipoprotein, and high-density lipoprotein, as well as the Framingham 10-year risk score. [23] There are not many studies using hsCRP in hemodialysis patients. Studies have used both hsCRP and CRP to assess inflammation in hemodialysis units. [24] A study from Tunisia reported that hsCRP level was elevated in 54% of HD patients. [25] We found hsCRP level more than 3 mg/L, which is considered to indicate systemic inflammation, in 73 (78.5%) of our study population. [26] The mean serum hsCRP levels were similar in well and malnourished patients in our study indicating a poor correlation between malnutrition and inflammation. In addition, the serum hsCRP levels were similar between survivors and non-survivors, indicating that inflammation though common did not affect nutrition and mortality in our study population. We attempted to identify the level of hsCRP which could affect mortality by studying the hsCRP tertiles, which showed that highest tertile of serum hsCRP (N = 31, mean: 23.5 ± 13.7 mg/L) was associated with significantly higher mortality compared to lower two tertiles (42% vs. 6.5%, P = 0.005). We feel that mild elevation of serum hsCRP levels in our population has no clinical impact whereas levels higher than 20 mg/L may indicate increased mortality risk over 2 years.
CVD is the most common cause of death in HD patients, and CAIMT is used as a surrogate for atherosclerotic burden in HD patients. [27] In a study from eastern India, the average CAIMT in HD patients was around 1.136 mm. [15] CKD patients and post-transplant patients have a lower average CAIMT values compared to CAIMT in HD patients. [28] The authors speculated that the inflammatory milieu in maintenance of HD patients contributed to the increased CAIMT as the duration on dialysis progresses. A significant association between mortality and increased CAIMT was reported by Nishizawa et al. [29] In another study from south India, the mean CAIMT in pre-dialysis CKD Stage V population, was 1.0 mm, while the control population had a CAIMT of 0.6 mm. [30] This indicates that before the initiation of hemodialysis, there is already a significant risk of developing atherosclerotic complications and inflammatory state associated with HD may be an additional contributory factor in worsening the pre-existing atherosclerosis. In our study, there was no statistically significant difference of CAIMT among well-nourished and malnourished individuals. Age is also a confounding factor as most of our patients were elderly and advanced age itself being a cause of increased CAIMT. [31] Calcium-phosphorus abnormalities and uremia-induced endothelial dysfunction also contribute to increase in CAIMT in CKD patients. Indeed, CAIMT appears to be higher in CKD population compared to normal population even in the absence of traditional risk factors of atherosclerosis, indicating significant contribution of uremia. [32] We found increased CAIMT in our study population but found no correlation between CAIMT and nutritional status as well as mortality. Analysis of tertiles of CAIMT showed no difference in mortality between highest and lowest tertiles. We feel that measuring CAIMT has no clinical relevance in HD patients. This is in contrast to several studies which found good correlation between CAIMT and mortality in HD patients. [29] Malnutrition assessed by SGA was a strong independent risk factor of death in our study cohort. Multiple logistic regression analysis showed that malnutrition was the sole independent predictor of death, and CAIMT and hsCRP levels did not independently affect mortality. In addition, there was no significant correlation between malnutrition, hsCRP, and CAIMT. This indicates that malnutrition in our patients is driven by factors other than inflammation and atherosclerosis and do not support the notion that inflammation and atherosclerosis are the prime drivers of malnutrition. This is in contrast to the reports indicating close association between the three aspects of MIA syndrome in HD population. [33] However, mortality was significantly increased in our study cohort when all three components of MIA syndrome were present, compared to the presence of two or less components. The MIS score which incorporates additional factors such as BMI, serum albumin, and serum transferrin showed strong correlation with malnutrition but did not improve the predictive ability of SGA in the logistic regression model to predict death. We feel that SGA is a simple and reliable predictor of death, and additional biochemical tests to SGA do not improve the predictive ability and hence may not be necessary. This conclusion is similar to a study by Harvinder et al., which concluded that the Modified SGA score is a more practical and a simple score as compared to the MIS. [34] Interestingly, serum albumin was similar in our patients between well-nourished and malnourished patients. Serum albumin at baseline was lower in non-survivors compared to survivors but was not statistically significant (3.68 ± 0.30 vs. 3.78 ± 0.28, P = 0.11). This is in contrast to several studies, which showed strong and independent association between low serum albumin and mortality in HD patients. [35] One possible explanation for this discrepancy is the small sample size in our study cohort. However, we found a significant association between low serum albumin at 6 months and mortality (3.24 ± 0.21 in non-survivors and 3.82 ± 0.19 in survivors, P < 0.001). In addition, serum albumin measured at 6 months was significantly lower in malnourished patients compared to well-nourished patients. This indicates that serum albumin is a dynamic parameter and serial measures are better predictor of poor outcome in HD patients than a single measure. This finding is in agreement with the study by Zitt et al., who reported that time-varying serum albumin measurements are useful in mortality prediction in incident HD patients. [36] Our study suggests that periodic SGA and serial monitoring of serum albumin are the best and reliable predictors of mortality in HD patients and may be used for monitoring in clinical practice.
Strengths and limitations
There are several strengths to our study. first, ours is the first study from south Asia to study the impact of components of MIA syndrome on mortality. We analyzed the contribution of different components of MIA syndrome individually and in combination, on the mortality over 2 year period. Second, we compared SGA with MIS, which has been scarcely done previously, to assess whether additional biochemical tests would improve the predictive ability of SGA in HD patients.
Our study has several limitations. first, our study was a single center study involving small number of patients. Our study results need to be confirmed in a larger and multicenter study across India. Second, the duration of the study was short and longer duration of study is required to confirm the validity of SGA to predict mortality in HD patients. Third, we studied prevalent patients and a study involving incident patients would be more valuable in HD patients. Fourth, we did not assess in detail, the dietary intake to assess whether food habits and taboos contributed to the malnutrition in our patients.
Conclusions
Elevated hsCRP and increased CAIMT were common in HD patients (73% each) but poorly correlated with 2-year survival. Malnutrition determined by SGA was seen in 32% of HD patients and was a strong independent predictor of death in them. However, mortality was the highest (45%) when all three components of MIA syndrome were present. Mortality prediction was better with SGA than MIS score. Progressive decline but not baseline serum albumin was associated with malnutrition and risk of death. We recommend the use of SGA and serial serum albumin to monitor nutrition and risk categorization for mortality in HD patients.
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